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Abstract: A rough fuzzy set is the result of approximation of a fuzzy set with respect to a crisp approximation space. It 
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knowledge discovery on standard neutrosophic information system based on rough standard neutrosophic sets. 
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1 Introduction 


Rough set theory was introduced by Z. Pawlak in 1980s [1]. It becomes a usefully mathematical tool for data 
mining, especially for redundant and uncertain data. At first, the establishment of the rough set theory is based on 
equivalence relation. The set of equivalence classes of the universal set, obtained by an equivalence relation, is the 
basis for the construction of upper and lower approximation of the subset of universal set. 


Fuzzy set theory was introduced by L. Zadeh since 1965 [2]. Immediately, it became a useful method to study in 
the problems of imprecision and uncertainty. Since, a lot of new theories treating imprecision and uncertainty have 
been introduced. For instance, Intuitionistic fuzzy sets were introduced in1986, by K. Atanassov [3], which is a 
generalization of the notion of a fuzzy set. When fuzzy set give the degree of membership of an element in a given 
set, Intuitionistic fuzzy set give a degree of membership and a degree of non-membership of an element in a given 
set. In 1999 [17], F. Smarandache gave the concept of neutrosophic set which generalized fuzzy set and intuitionistic 
fuzzy set. It is a set in which each proposition is estimated to have a degree of truth (T), adegree of indeterminacy (I) 
and a degree of falsity (F). Over time, many subclasses of neutrosophic sets were proposed. They are also more 
advantageous in the practical application. Wang et al. [18] proposed interval neutrosophic sets and some operators of 
them. Smarandache [17] and Wang et al. [19] proposed a single valued neutrosophic set as an instance of the 
neutrosophic set accompanied with various set theoretic operators and properties. Ye [20] defined the concept of 
simplified neutrosophic sets. It is a set where each element of the universe has a degree of truth, indeterminacy and 
falsity respectively and which lies between [0, 1] and some operational laws for simplified neutrosophic sets and to 
propose two aggregation operators, including a simplified neutrosophic weighted arithmetic average operator and a 
simplified neutrosophic weighted geometric average operator. In 2013, B.C. Cuong and V. Kreinovich introduced 
the concept of picture fuzzy set [4,5], as a particular case of neutrosophic set, in which a given element has three 
memberships: a degree of positive membership, a degree of negative membership, and a degree of neutral 


membership of an element in this set. After that, L. H. Son has given the application of the picture fuzzy set in the 
clustering problems [7,8]. We also regard picture fuzzy sets as a particular case of the standard neutrosophic sets [6]. 


In addition, combining rough set and fuzzy set has also many interesting results. The approximation of rough (or 
fuzzy) sets in fuzzy approximation space give us the fuzzy rough set [9,10,11]; and the approximation of fuzzy sets in 
crisp approximation space give us the rough fuzzy set [9,10]. W.Z. Wu et al, [11] present a general framework for the 
study of fuzzy rough sets in both constructive and axiomatic approaches. By the same, W. Z. Wu and Y. H. Xu were 
investigated the fuzzy topological structures on the rough fuzzy sets [12], in which both constructive and axiomatic 
approaches are used. In 2012, Y. H. Xu and W. Z. Wu were also investigated the rough intuitionistic fuzzy set and the 
intuitionistic fuzzy topologies in crisp approximation spaces [13]. In 2013 B. Davvaz and M. Jafarzadeh study the rough 
intuitionistic fuzzy information system [14]. In 2014, X.T. Nguyen introduces the rough picture fuzzy sets.It is the result 
of approximation of a picture fuzzy set with respect to a crisp approximation space [15]. 


In this paper, we introduce the concept of standard neutrosophic information system, study some problems of the 
knowledge discovery of standard neutrosophic information system based on rough standard neutrosophic sets. The 
remaining part of this paper is organized as following: we recall basic notions of rough set, standard neutrosophic set and 
rough standard neutrosophic set on the crisp approximation space, respectively, in section 2 and section 3. In section 4, 
we introduce the basic concepts of standard neutrosophic information system. Finally, we investigate some problems of 
the knowledge discovery of standard neutrosophic information system : the knowledge reduction and extension of the 
standard neutrosophic information system in section 5 and section 6, respectively. 


2 Basic notions of standard neutrosophic set and rough set 


In this paper, we denote U be a nonempty set called the universe of discourse. The class of all subsets of U will be 
denoted by P(U) and the class of all fuzzy subsets of U will be denoted by F(U). 


Definition 1. [6]. A standard neutrosophic (PF) set A on the universe U is an object of the form 
A = (x. (x) (х), ү, (х) x eU) 
where u, (x)(e [0,1]) is called the “degree of positive membership of x іп А”, т, (x)(e [0.1]) is called the *degree of 


neutral membership of xin A” and y, (x)(e [0,1]) is called the “degree of negative membership of x іп А”, and 


where 


Ил» Na and y, are dependent components alltogether (see [24]) and therefore they satisfy the following condition: 


Ид (x)*n4 (х) + YA EST, (Ух ЕХ). 
The family of all standard neutrosophic set in U is denoted by PFS(U). The complement of a picture fuzzy set A is 


-А= (х, Ya (x), Na (x), Ил (x)) | Vx є U}. 
Obviously, any intuitionistic fuzzy set A — (х, TN (x). YA (x))] may be identified with the standard neutrosophic set in 


the form 
A= (x. (х), 0, a (x)X) Ix eUj. 
The operators on PFS(U: ACB ,AMB А ‹В were introduced [4]: 
Now we define some special PF sets: a constant PF set is the PF set (o, p.90) == {(х, a, В, Ө) | x € U}; the PF universe set 


is U Z1; 2(L0,0) = {(x,1,0,0)| x e U} and the PF empty setis  —0, = (0,0,1) = {(x,0,0,1)| x € U}. 


For any X € U, standard neutrosophic set 1. апа Ll. fx) are, respectively, defined by: for all y € U 


lif y=x 0 if y=x 0 if y=x 0 if y=x 
«)-| А , п. (| , no) { m =| 


Oif y#x Oif yzx lif yzx lif yzx 
T debito (тея 
Mon OF До уе ^«^ Voit y#x 


* 


Definition 2. (Lattice (D Sy )). Let 


D = |(х,.х„,х,) e [0.1] DX, +X, +X, <1}. 


We define a relation < on D' as follows: V(x,,x,,x,), (y.y,.y,)eD then (ss) S. (yi Y2» Уз) if only if 
(or(X, <уџ, х, Z y4) or (X, 2 Vj, х, > y4) or (x, = у, x, =у., X, € y, )) and 
Es) —p (Y Y» Ys) c» (x = yp N = y% = y 


We have (Р, E ) is a lattice. Denote 0. = (0,0,1), 1. = (1,0,0). Now, we define some operators оп О”. 
Definition 3. 


(i) Negative of x = (x1,x2,x4) € D* is¥ = (xa,x5,x1) 


(ii) For all У(х,,х,,х. ), Е | єр we have 
X Ay = A yi, X, A У, № v y) 


хм y E МУ SS A Via, ^y) 
We have some properties of those operators. 
Lemma 1. 


(a) For all V(x,, x4, X4). (Yi Y». Ys) єр we have 





(61) x^Ay-xvy 





(62) x vy 2X ^y 
(b) Forall x, y,u,v € D' and x Sy и, y <, у we have 
(cl) XA VS UAV 
(c2) X V y S. UVV 
Proof. 
(a) Ме һауе xA y 2(x, v уз, лу, длу) = (х„®,х)\у 5) ЕХУУ 
Similary xv y =(x, ^ y, x, ^ Y, V yı) = А У», Y1) ЕХЛУ 
(b) For a,b,c,d Е [0,1], if a<b,c<d then алс<БлаА and. From definition 2, definition 3 we have 


the result to prove. п 


Now, we mention the level sets of the standard neutrosophic sets. Where (a, В, 0) єр , we define: 


° (о, B, 0) — level cut set of the standard neutrosophic set A — (x. (x).n " (x), Ya (x)) |x eU} 


as follows: 


AG? ={х є Ш(и, (x) a (х), Ya (x) > (в, В, 0) 


e strong (о, В, 0) — level cut set of the standard neutrosophic set A as follows: 





Аб? = {хє (и, (х), (х), Ya (х)) > (а, В, 0)} 
° (a* ‚ В, ө) - level cut set of the standard neutrosophic set A as 


А“? = (x e Ди, (x)» a.v, (x) <8} 
e (a, В, O+) — level cut set of the standard neutrosophic set A as 


А ={x e Ulu, (х) >20, у, (х) < 6} 
When | = 0 we denoted 


A, = AS” ={х e (нА (x), А (x). Ya (x)) > (а, 0, 0); 


ө (o ,09 ) — level cut set of the standard neutrosophic set A as 





A^. ={x € Ulu, (x) > o, v4 (x) <8} 
e (1 — level cut set of the degree of positive membership of X in A as 


A" = {хє Uju, (x) 2 oj 
the strong Q — level cut set of the degree of positive membership of X in A as 


A" - (x eUlu, (x) > а} 
e Ө— level low cut set of the degree of negative membership of x in А as 
A, = {хє Цу, (x) <9} 
the strong Ө — level low cut set of the degree of negative membership of X in A as 
А. = {хє ү, (х) < 0} 
Example 1. Given the universe U = fu, , 0,,0, b Then 


A= ((u,,0.8, 0.05, 0.1), (м.,0.7,0.1, 0.2), (м.,0.5,0.01,0.4))15 a standard neutrosophic set on U . Then E E fu,, u,} 


but А0701 = {u} and A979? = (ц), ACT ={u,}, A ={u,}, A = (usan). А = uan). 


0.1* 0.1* 
Ayo = іш}. А = CESE 
Definition 3. Let U be a nonempty universe of discourse which many be infinite. A subset R e P(U x U) is referred to 


as a (crisp) binary relation on U . The relation R is referred to as: 


e Reflexive: if for all x e О, (x, x) ER. 


e Symmetric: if for all x,y € U, (x, y) ЕК then (y.x) ER. 


e Transitive: if for all x,y,z eU, (x, y) eR(y,z) eR then (x, z) ER 


e Similarity: if R is reflexive and symmetric 
e Preorder: if R is reflexive and transitive 


e Equivalence: if R is reflexive and symmetric, transitive. 


A crisp approximation space is a pair (U,R). For an arbitrary crisp relation R on U, we can define a set-valued 


mapping R, : U > P(U) by: 
К, (x)= {у e Ul(xy)e R}, x eU. 
Then, R : (x) is called the successor neighborhood of X with respect to (w.r.t) К. 


Definition 4.[9]. Let (U,R) be a crisp approximation space. For each crisp set A C U , we define the upper 


and lower approximations of A (w.r.t) (U,R) denoted by R (A) and R ( A). respectively, are defined as follows 
R(A)- [ix eU:R,(x)^ A7 2}, 
R(A)- [x eU: В, (x) cA}. 
Remark 2.1. Let (U,R) be a Pawlak approximation space, i.e. R is an equivalence relation. Then В. (x) = | х], holds. 


For each crisp set A C U , the upper and lower approximations of A (w.r.t) (О.В) denoted by R (A) and R (A) | 


respectively, are defined as follows 
R(A)- [x eU:[x], ПА +2) R(A)={x eU: [х], СА} 


Definition 5.[16]. Let (U,R) be a crisp approximation space. For each fuzzy set А с О, we define the upper and 
lower approximations of A (w.r.t) (U, R) denoted by R ( A) and R ( A). respectively, are defined as follows 


R(A)={x eU:R,(x)^ A 2}, 


where 


Maca) (х) = тах{и, (У) | y € К, (х}, 


iu (x) тти, (y)| y € R, (x) 
Remark 2.2. Let (U,R) be a Pawlak approximation space, i.e. К is an equivalence relation. Then R, (x) = | х], holds. 


For each fuzzy set Ас О, the upper and lower approximations of A (w.r.t) (U,R) denoted by R( A) and R( A), 


respectively, are defined as follows 
R(A)={x eU:[x], МА +27). R(A)={xeU: [х], СА} 


This is фе rough fuzzy set in [6]. 


3. Rough standard neutrosophic set 


A rough standard neutrosophic set is the approximation of a standard neutrosophic set w. r. t a crisp approximation 
space. Here, we consider the upper and lower approximations of a standard neutrosophic set in the crisp approximation 
spaces together with their membership functions, respectively. 


Definition 5: Let (U,R) be a crisp approximation space. For A є PFS(U). the upper and lower approximations of A 


(w.r.t) (U,R) denoted by RP( A) and RP( A) , respectively, are defined as follows: 


RP(A) = (х, Haya) (х) Maa (> as (х))1 x € ©) 


© 


(А) ={(х, Hana) (Х) пыл (*)- Yera (Х)) E € UJ 


Hae (X) = а Ua (y) mag) (x)= 4 na (У), Yra (Х) = у Ya (У). 


yeR, (x) yeR, (x) 
We have RP(A) and RP(A) are two standard neutrosophic sets іп И . Indeed, for each x eU, for all 2 >0, 
it exists yy eU such that (х) ел (Yo) Sg (х) * mig (х) Sa Q9) rag (8) $7, (№) 50 that 
Hab(A) (х)-е+ Па) (x)+ TRP(A) (x) 
< н (yo) m (Уо) + 7л (У) <1. 
Hence UN (x) = + Napa) (x) + Үр) (x) <1+=, for all =>0. It means, і.е, RP(A) is a standard 
neutrosophic set. By the same way, we obtain RP(A) is a standard neutrosophic set. Moreover, RP(A) < RP(A). 


Thus the standard neutrosophic mappings RP, RP: PFS(U) + PFS(U) are referred to as the upper and lower PF 
approximation operators, respectively, and the pair PR(A) = (PR(A), RP( A)) is called the rough standard neutrosophic 


set of A w.rt the approximation space. The picture fuzzy set denoted by ~RP(A) and is defined by 
PR(A) = (0 РК(А),П RP(A)) where П PR(A) and П RP(A) are the complements of the PF sets RP( A) and RP(A) 






























































respectively. 
Example 2. We consider the universe set U = fu Uy из, и RA and a binary relation R on U in Table 1. Here, if 


u, Ru j then cell (1, J) takes a value of І, else cell (1, j) takes a value of 0 (1, j = 1, 2, 3, 4, 5). A standard neutrosophic 


A ={(u,,0.7,0.1,0.2),(u,,0.6,0.2,0.1),(u;,0.6,0.2,0.05), 
(u,,0.6,0.2,0.1),(1,,0.6,0.2,0.05)] 


Table 1: Binary relation R on U 





We have В, (u,) 2 (u,.14]. 


TES 
R, (u, )= {u,,u;,u,}. R, (u,) ={u,,u,}. R, (us) = {u,,u4,u; ] - So that, we obtain results 
( 


Нк) (ш) = V yer,(u, А y)= max Us (ш), и, (и )) 


= тах {0.7,0.6} eT 


TInp(A) (u,)= AN yer, (ы ЛА (У) =min {7], (и, ) та (и, )} 


= min {0.1,0.2} = 0.1, 


Ува) (ш) = Aa uy (У) = min {74 (м), Ул (из }} = min {0.2,0.05} = 0.05. 


Similar calculations for other elements of U, we have upper approximations of A is 
RP(A) = {(u,,0.7,0.1,0.05), (и,,0.6,0.2,0.1), (u;,0.7,0.1,0.05) (uw, ,0.6,0.2,0. 1) „(и; ,0.6,0.2,0.05)} 


and lower approximations of A is 
RP(A)={(u,,0.6,0.1,0.2), (u,,0.4,0.2,0.2), (u;,0.4,0.1,0.2),(u,,0.5,0.2,0.15),(u,,0.4,0.2,0.2)}. 


Some basic properties of rough standard neutrosophic set approximation operators represent in the following 
theorem: 


Theorem 1. Let (U,R) be a crisp approximation space, then the upper and lower rough standard 
neutrosophic approximation operators satisfy the following properties: УА, В, А; € PFS(U), јє Ј is an index 


set, 


























(РІЛ) PR А)=П RP(A) 
(PL2) RP(A.U(0,B,9)) = RP(A)U(0,B,9) 


(PL3) RP(U)=U 


P (ya 


jeJ jeJ 


(PL5) RP(A UB) > RP(A)u RP(B) 


(PL6) A c B = RP(A) c RP(B) 








J PR(A) 











(PU1) RP(D A) 
(PU2) RP(A r(o.B,0)) = RP(A) (o. B.0) 
(РОЗ) RP(2)- 

PUD gp(. A) RPA,» 

(PUS) RP(A^ B) c RP(A)^ RP(B) 


(PU6) A C B = RP(A)c RP(B) 


In which, 


|| 
< 
\< 
т 
P 
e 
D 
> 
=ч 
<= 
— 
|| 


И ВР(-А) (х) — У yeR, (x) Ha (y) 
V RP(A) (x) i 
Teea) (х) =A ев (9-1 (У) = ^er a (У)= 


ПЕРА) (х) 


|| 
> 
< 
M 
E 
a 
— 
~ 
< 
М 
| 


YRp(~A) (x) =” yeR, (х) Von (y) 


HRP А) (x) 








From that and lemma 1, we have PR(U А) =0 RP(A). 











(PL2) Because (o, В,0) = {(x,a, B, O)| x € U}, we have 


Аадар) (х ) = М veh, (x ВР ларо) (y ) 


T V yer („Пах {aoa (5), aj 


= MAX (уң) (3) v 00 


= ma Heeg O) Map} = Иде.) C 
By the same way, we have 
Tap AW(a,8.0)) (x) m Hep AC (a. p,0) (x) 


and 


7 RP(AU(a,8,9)} (x) T aRPAU(a.B.0) (x). 


It means RP(A о(о.В.0)) — RP(A) (о, В,Ө) . 


(PL3) Since U z1,, = (1, 0,0) = {(x, 1, 0,0) | x € U}, then we can obtain (PL3) RP(U) =U by using definition 5. 


The results (PL4), (PL5), (PL6) were proved by using the definition of lower and upper approximation spaces (definition 
5) and lemma 1. 


Similarly, we have (PU1), (PU2), (РОЗ), (PU4), (РО5), PU(6). о 
Theorem 2. Let (U,R) be a crisp approximation space. Then 
а) RP(U)=U=RP(U) and RP(Z)- Ø = ВР(2). 
b) RP(A)c RP(A) forall A e PFS(U).a 
Proof. 
(a) Using (PL3), (PL6), (РОЗ), (PU6), we easy prove RP(U) =U = RP(U) and RP(@) = © = RP(@). 


(b) Based on definition 5, we have 


И ВР(А) (х) — Ayer, (у А (У) 


YRP(A) (x) — V yer, (x) A (y) 2 
AN yer, (xy A (y) — ВР(А) (х) 
So that RP(A) < RP(A) forall А e PFS(U).c 


In the case of connections between special types of crisp relation on U , and properties of rough standard 
neutrosophic approximation operators, we have the following 


Lemma 2. If R is a symmetric crisp binary relation on U, then for all A, B € PFS(U), 
RP(A) < B < A c RP(B) 
Proof. 
Let В be a symmetric crisp binary relation on U, i.e y € R, (x)- x€R, (y): Vx, y € U . We assume contradiction 
that RP(A) c Bbut A с RP(B). For each x Е U, we consider all the cases: 


+ if LL, (x) > Hep (x) = Aen (Hg (y) then it exists y, ER, (x) such that 


L, (xX) > Up) > Ил) (уо) = Му yaQ) > u(x) (because y, e R, (x) then x eR, (у). This is not true. 
+ the cases y < x)« Y sa x) OF у, (х) > ву (x) is also not true. п 


Theorem 3. Let (U,R) be a crisp approximation space, and RP,RP : PFS(U) — PFS(U) are the upper and lower PF 
approximation operators. Then 


(a) R is reflexive if and only if at least one of the following conditions are satisfied 
(al) (PLR) RP(A) C A, VA € PFS(U) 
(a2) (PUR) A C RP(A), VA e PFS(U) 

(b) R is symmetric if and only if at least one of the following conditions are satisfied 
(b1) (PLR)RP(RP(A))C A VA ePFS(U) 
(b2) (PUR) A c RP(RP(A))VA e PFS(U) 


(c) R is transitive if and only if at least one of the following conditions are satisfied 


(cl) (PLT) RP(A) < RP(RP(A)) УА e PFS(U) 


(c2) (PUT) RP(A) с RP(RP(A))VA e PFS(U) 


(а). We assume that В is reflexive, ie, xeR,(x) , so that VAe PFS(U) we have 
Hgp(A) (x) — AN yer, (x А (y) < ИА (x), ПВЬ(А) (х) — AN уск ХА (y) S Na (x) } 


and Yara) (X) РА "д (У) > у, (x) . It means that RP(A)C A, VAePFS(U), ie. (al) was verified. 


Similarly, we consider upper approximation of: 


Нав) (х) = V yen, («РА (у) 204 (x) . Пе) (х) = ANyeR, (x) A (у) = па (x) > аа P RP(A) (x) = 
Хув («ГА (y) S y. (x) .It means A C RP(A), УА є PFS(U). i.e., (a2) is satisfied. 
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Now, assume that (al) RP(A) C A, VA € PFS(U) we show that К is reflexive. Indeed, We assume contradiction that 
В is not reflexive, ie, хер (x) | We consider A= Ты , ie, Щщ (y) _ G у= х 
i ite lif yzx 
0 if y=x lif y-x 
т, (У) * if yxx № ()- P if y#x 


Then Укы) (x) =V RA (y) =02 у, (x) — |. This is not true. It implies R is reflexive. 


Similarly, we assume that (a2) A c RP(A), VA e PFS(U) we show that R is reflexive. Indeed, We assume 


contradiction that R is not reflexive, ie, xe К. (х) We consider We consider A= 1, 5 Res 
lif y=x 0 if y=x 0 if y=x 
TOR Jen TO MAORI (€ 


Then TN (x) = V sen, («ЈА (y) -02u, (x) = |. This is not true. It implies р is reflexive. 


(b). 
We verify case (b1). 


We assume that В is symmetric, i.e., if x € А; (y) then y € А; (x). For all A e PFS(U), because хе А, (y) then 


^ii Ba (2) S Ma (2) ^a Ma (2) Sa (x). v ИЕА (х) forall y € А, (х), we have 
ањду VE) = Vues.) C^) Ha (z)) S Ha (2), 
Перл) (Х) = Vyer (x) (Алек) ИА (Z)) < ПА (х): and 
Уолу (К) = Ayer,(x) C en) Ya (Z)) > УА (x) 
It means that RP(RP(A)) C А VA e PFS(U). 


Now, we assume contradiction that RP(RP( Ae A УА єРЕЅ(0) but В is not symmetric, i.e., if x € R.(y) then 
y€R,(x) and if yeR (x) then  xe&R,(y . We consider  A-l,,, . Then 
HP RP(Aay) (x) = Мынд ( уын ы (z)) —] > Us (x) =()- . It 15 not true, because 
HB RPA) (x) < м. (x), for all x € U So that R is symmetric. 

By the same way, it yields (b2). 

(с). R is transitive, i.e., if for all x, y, EU : ze К. (у), y € К; (x) then z € А, (x). It means that А, (y) с А, (х), 


SO that for all Ae€PFS(U) ме have ль (x) Ma (z) <^ AMzer (у) ША (2 ) Непсе 


Ayer, (х (^ zeR,(x THE z))< — Ayer, (x (^ zeR,( y Ha (= z)) | Because HRPA) (x) = Ayer, (x (^ zeR, (x jua (= <)) and 


Hppcrpcay бХ) = Лев. (x) (А ев (5) и, (z)) . So that Шрред) (X) < Meprpcay CX) > for all xeU, Ae PFS(U) . It 


mean that (cl) was varified. Now, we assume contradiction that (c1): RP( A)c RP(RP( A))v A e PFS(U), but R is not 
transitive, ie, X,y,zeU : zeR,(yLyeR,(x) then z£ R,(x) . We consider A= loa , then 


H gp(A) (x) = ^en, (x) НА (z) = 1, but LH RP(RP(A)) (x) = AR (Лев, (у ЦА (=)) = Q. It is false. By same way, we 
show that (c2) is true. Hence, (c) was verified.O 


Now, according to Theorem 1, Lemma 1 and Theorem 3, we obtain the following results: 


Theorem 4. Let R be a similarity crisp binary relation on U and RP, RP : PFS(U) — PFS(U) are the upper and 
lower PF approximation operators. Then, for all A є PFS(U) 


А=ВР(А)- ВР(А)=А 
— -А=ВР(- А) <> ВР(- А)=- A 


4. The standard neutrosophic information systems 


In this section, we introduce a new concept: standard neutrosophic information system. 


Let (U AF) be a classical information system. Неге U is the (nonempty) set of objects, i.e., 


U = uus. suu, d A={a,q,,...,a,,} is the attribute set, and F is the relation set of U and A, i.e., 


F= {/, :U >V,,j=1, 2 sagt) where V, is the domain of the attribute a,, j = 1, 2,..., т. 

We call (U,A, F, D,G) an information system or decision table, where (U, A, F) is the classical information sys- 
tem, A is the condition attribute set and D is the decision attribute set, i.e., D = fa, Уу „} апа С is the rela- 
tion set of U and D, ie, G= (8; U >V,,j =1, Dew where 2 is the domain of the attribute 
dj, j T2 wu 

Let (U, A, F, D,G) be the information system. For Вс AUD, we define a relation, denoted А, = IND( B), as fol- 
lows, Vx, y eU : 
xIND(B)y— f,(x)=f,(y) forall je iod; = В}. 

The equivalence class of x € U based оп А, is [ xL ={yeU: yR,x}. 

Here, we consider R, = IND(A). R, = IND(D). Е R, c R, i.e., for any [х], ‚хє (/ there exists [х], such that 
| x|, e | x] > then the information system is called a consistent information system, other called an inconsistent infor- 


mation system. 
Let (U,A,F,D,G) be the information system, where (U,A,F) be a classical information system. If 


D ={D, |k =1,2,...,q}, where D, is a fuzzy subset of U , then (U,A,F,D,G) be the fuzzy information system. 
If D- (D, |k =1,2,...,q}where D, is an intutionistic fuzzy subset of U , then (U,A,F,D,G) be an intuitionistic 


fuzzy information system. 
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Definition 6. Let (U,A,F,D,G) be the information system or decision table, where (U,A,F) be a classical 
information system. If D —(D, |k =1,2,...,q} where D, is a standard neutrosophic subset of U and G is the 


relation set of U and D , then (U ,A,F,D, G) is called a standard neutrosophic information system. 


Example 2. The following table 2 gives a standard neutrosophic information system, where the objects set 


RP, (D, )(х) = (0.15,0.05,0.6) condition attribute set is A= A and the decision attribute set is 
D- f D,,D,, р, } ‚ Where D, ,(k =1,2,3) is the standard neutrosophic subsets of U. 


Table 2: A standard neutrosophic information system 


U a а, а D, D, D, 

u 3 2 1 (0.20,3,0.5) (0.15,0.6,0.2) — (0.4,0.05,0.5) 
u, 1 3 2 (0.3,0.1,0.5)  (0.3,0.3,0.3) — (0.35,0.1,0.4) 
и, 3 2 1 (0.6,0,0.4) (0.3,0.05,0.6) — (0.1,0.45,0.4) 
и, 3 3 1 (0.15,0.1,0.7) — (0.1,0.05,0.8) (02,04,03) 
и, 2 2 4 (0.05,0,2,0.7)  (0.2,0.4,0.3) (0.05,0.4,0.5) 
" 2 3 4 (0.1,0,3.0.5)  (0.2,0.3,0.4) (1,0,0) 

и. 1 3 2 (0.25,0.3,0.4) (1,0,0) (0.3,0.3,0.4) 
и, 2 2 4 (0.1,0.6,0.2)  (0.25,0.3,0.4) — (0.4,0,0.6) 
и, 3 2 1 (0.45,0,1,0.45)  (0.25,0.4,0.3) (02,05,03) 
m" 1 4 2 (0.05,0.05,0.9)  (0.4,0.2,0.3) (0.05,0.7,0.2) 


5. The knowledge discovery in the standard neutrosophic information systems 


In this section, we will give some results about the knowledge discovery for a standard neutrosophic information 
systems by using the basic theory of rough standard neutrosophic set in section 3. Throughout this paper, let 


(U ,A,F, D,G) be the standard neutrosophic information system and B c A we denote RP, ( р.) is the lower rough 


standard neutrosophic approximation of D, e PFS (U ) on approximation space (U ‚К, ) 


Theorem 5. Let (U, A, F, D,G) be the standard neutrosophic information system and В с A. If for any x Є О: 


(us (х) m C) (2) (e G8 9.03) 


= RP, (D,)(x) > RP, (D, XJ + j): 


Proof. 
We have 


(Da (уе (дь (э), (у) уь (9) 


Since (a(x), В(х).Ө(х)) = RP, (D, )(х), 


we have a (x) = A eja], Hp (y) , B(x) = A eja], Mp (y) , and (x) = Vias], Ир (У). So that, for any x € U,y e [x], 


ax), B(x) 


then u, (у) za(x). m (y)2O(x) and у, (y) x (x). It means that y e(D, ү ie. [x], = (D, Joos 


(x) 
Now, since 


(a(x), В(х).Ө(х)) = RP,,(D,)(x)>RP, (D, )(x)G + j)then there exists у e[x], such that 


(ль (5),ль (у), (5) <(«(х),8(х),6(х)) 


Le, ог (Hp, (y) <a(x) ‚ Ур, (y) 2 xp or (4p (y) -a(x) ‚ Ур (y) > Ө(х)) or (4p (y) -a(x) 
Ур, (y) = Ө(х)) апа Пр (y) « В(х)) ). К means that here exists y є [х], such that 


0(x),0 


(7, (у), (у), д, (»)) > (8(x).0, a (x)). ie, ye (~ D, d So that [х], (~ D, ) (à) 


AX 


= im 


Let (U ,A,F, D,G) be the standard neutrosophic information system, R, 1s the equivalence classes which induced 
by the condition attribute set A, and the universe is divided by R, as following: U/R, = {XX Я "v c Then the 
approximation of the standard neutrosophic decision denoted as, for all i = 1,2,..., K. 

RP, ( D( X,)) = ( RP, ( D, ( 9) КР, ( р, ( Х,)),... RP, ( D, ( X,))) Example 3. We consider the standard neutrosophic 
information system in Table 2. The equivalent classes 
СІК, ={X, = ТЕА }, X, = fu, us ug 
Хз = {ил}, X, = lus, ug]; X5 = {u6} 
The approximation of the standard neutrosophic decision is as follows: 


Table 3: The approximation of the picture fuzzy decision 


U/R,  RP,(D(X,)) ЕР,(р,(Х,)) ЕР,(р,(х,)) 


X, (0.2,0,0.5) (0.15,0.05,0.6) (0.1,0.05,0.5) 
X, (0.05,0.05,0.9) (0.3,0.1,0.3) (0.05,0.1,0.4) 
X, (0.15, 0.1,0.7) (0.1,0.05,0.8) (0.2,0.4,0.3) 
X, (0.05,0.2,0.7) (0.2,0.3,0.4) (0.05,0,0.6) 
X; (0.1,0.3,0.5) (0.2,0.3,0.4) (1,0,0) 


Indeed, for X, — fu, Us sus } . We have Vx € X,, 
Hgp (D) (x)= Ayex, Ёр (у) = min {0.2,0.6,0.45} = 0.2. 


Trp (р) (x) E ^^veX, 1p, (y) = min {0.3, 0, 0.1] = () 
Yap (p) (Х) = “ох Yo, (Y) = max (0.5,0.4,0.45] = 0.5. 


‚ so that RP, (Р, )(x) =(0.2,0,0.5). And 

Hep (p, (X) = Avex, Ho, (у) = min (0.15, 0.3,0.25} = 0.15. 

lop. (p, (X) = Avex, Mn, (У) = min {0.6,0.05,0.4} = 0.05 , 

Yep.(p,) (X) = V sex, Yo, (У) = max {0.2,0.6,0.3} = 0.6 so RP, (D, )(x) = (0.15,0.05,0.6) and 

Ш (p, (X) = Avex, 4p, (У) = min {0.4,0.1,0.2} = 0.1. 

к> (p, (X) = Avex, Mp, (У) = min {0.05,0.45,0.5} 20.05. y, (у(х) = V a, Yn, (У) = max {0.5, 0.2, 03} = 0.5 
so that АР, (Р, (x) = (0.1,0.05,0.5). 


Hence,for X, — fu, u; ‚Ио 2 Vx € X,, max, 4,4 RP, (D,)(x)= ЕР, (D, )(x) = (0.2,0.5,0). 
02,0 
0.5 


and X, = fu u utc (D) 


Из» Мо ў ЕРЕ. 


For A5 STRUM E We have Vx € X,, 


max, 4, 4 RP ( D, )(х) = RP, ( D, )(х) = (0.3, 0.3,0.1), 


i={1,2,3} ——4A i 


0.3,0.1 
and X, = (u,,u; uy EC (D, Vos QURE 


For X, =| os we have Vx € X,, 


max, 23 ВР. (D,)(x)= RP, (D. (x) = (02,03,04). 


0.3,0.1 


and X4 ={u,}<(D,),, = {Шиш}. 


For X, ={u,,u,}, we have Vx eX, 


max, 1,9 3 RP 4 (D, )(х) = KP; (D2)(x) = (0.2,0.4,0.3) 
and X, = {Us us jc (D, pls Е UL, Us Us , Ug Uio } ' 


Еог Х, = we have Vx € X., 


max, , 44, RP, (D,)(x)= RP, (Ъ,)(х) = (1,0,0) ‚ and X, = lu) c (D, у = 


i-(1,2,3] “A 0 


6 The knowledge reduction and extension of standard neutrosophic information systems 


Definition 7. 


(1) Let (U ‚А, Е) be the classical information system and B c A. B is called the standard neutrosophic reduction 
of the classical information system (U ‚А.Е Js if B is the minimum set which satisfies the following relations: for any 
X e PFS(U),x eU. 

RP,(X)- RP,(X), КРА(Х) = RPs(X) 
(11) B is called the standard neutrosophic lower approximation reduction of the classical information system 
(О, A, F).if B is the minimum set which satisfies the following relations: for any X e PFS(U),x eU 


RP,(X)- RP,(X) 


(ш) B is called the standard neutrosophic upper approximation reduction of the classical information system 
(О, А, Е). if B is the minimum set which satisfies the following relations: for any X e PFS (U ),x eU 


ЮРА (X ) = RP» (X ) 
Where RP, ( X ) ‚ВР, ( X ), ЕРА ( Х ) RPs ( X) are standard neutrosophic lower and standard neutrosophic upper 


approximation sets of standard neutrosophic set X є PFS(U) based on R, ,R,, respectively. 
A*^*B y 


Now, we express the knowledge of the knowledge reduction of standard neutrosophic information system by in- 
troducing the discernibility matrix. 


Definition 8. Let (U ,A,F,D, G) be the standard neutrosophic information system. Then M — LD, ]u,, where 


и fa, eA: f,(X,)# f (X, ): 8x, (D,) > 8x, (D, ) is called the discernibility matrix of (U, A, F, D,G) (where 
j A 8х (D,)= 8x, (Р,) 


8х (D, ) is the maximum of КР, (D(X, ) obtained at D, , ie. gy (D )-RP, (D, ( X; ) 


= max[RP, (D. (X,)).z =1,2,...,а}) 
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Definition 9. Let (U,A,F,D,G) be the standard neutrosophic information system, for апу ВС A, if the fol- 


lowing relations holds, forany x € В: 
RP, (D,)(x)> RP, (D,)(x)- RP, (D,)(x) > RP, (D; (x) = 1] 
then B is called the consistent set of A. 
Theorem 6. Let (U ‚А, F,D,G) be the standard neutrosophic information system. If there exists a subset 


BCA such that BO D, = Ø , then В is the consistent set of. A. 


Definition 10. Let (U ,A,F,D, G) be the standard neutrosophic information system 


с аел: (х,)= (X) 2x (D) 8x, (D) 
` @ ›&х, (D,)= 8, (D, ) 
is called the discernibility matrix of (U,A,F,D,G) (where g, (D,) is the maximum of RP, ( D( X,)) obtained at 
D dE. 
8х (D.) = RP, (D, (X,)) = max (RP, (D. (Х,)),2=1,2,...,4)) 
Theorem 7. Let (U ‚А, F,D,G) be the standard neutrosophic information system. If there exists a subset 


BCA such that Br DF = ©, then B is the consistent set of A. 


Proof. If Bo D; = ©, then BC D, . According to Theorem 6, В is the consistent set of А .0 


The extension of a standard neutrosophic information system present on the following definition: 


Definition 11. 
(1) Let (U ‚А, Е) be the classical information system and В с А. B is called the standard neutrosophic extension 


of the classical information system (U, A, Е), if B satisfies the following relations: for any X є РАЗ (U ) Еб 
RP. (X) = ЕР, (X), RPA(X) = КР» (X) 

(11) B is called the standard neutrosophic lower approximation extension of the classical information system 

(U, A, F). if В satisfies the following relations: for any X e PFS(U),x eU 


RP,(X)- RP,(X) 


(111) В is called the standard neutrosophic upper approximation extension of the classical information system 
(U,A, F), if В satisfies the following relations: for any X є PFS (U).x eU 


ЮРА (X ) = КР» (X ) 
Where RP, (X). RP, (X) RP, (X ). RPs (X )are picture fuzzy lower and upper approximation sets of standard neutro- 
sophic set Хе PFS(U ) based on А, , №, , respectively. 


We can be easily obtained the following result. 
Definition 12. Let (U ‚А.Е ) be the classical information system, for any hyper set D , such that A € B, if A is the 
standard neutrosophic reduction of the classical information system (U, B, F), then (О, В, Е) is the standard neutro- 


sophic extension of (U ‚А, Е) , but not conversely necessary. 
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Example 4. In the approximation of the standard neutrosophic decision in Table 2, Table 3. Let B = fa ‚а, then we 


obtained the family of all equivalent classes of U based on the equivalent relation R, = IND( B) as follows 


UIR, = ее = us us uy ХА, =, = fu; us); X, = {u,}} 
We can get the approximation value given in Table 4. 


Table 4: The approximation of the standard neutrosophic decision 


U /Rs  RP,(D(X,)) ЕР, (D,(X;)) ЕР,(р,(х,)) 


X, (0.2,0,0.5) (0.15,0.05,0.6) (0.1,0.05,0.5) 
X, (0.05,0.05,0.9) (0.3,0.1,0.3) (0.05,0.1,0.4) 
X, (0.15, 0.1,0.7) (0.1,0.05,0.8) (0.2,0.4,0.3) 
Х, (0.05,0.2,0.7) (0.2,0.3,0.4) (0.05,0,0.6) 
Х, (0.1,0.3,0.5) (0.2,0.3,0.4) (1,0,0) 


It is easy to see that В satisfies Definition 7 (ii), i.e., В is the standard neutrosophic lower reduction of the classical 


information system (U, A, Е). 


The discernibility matrix of the standard neutrosophic information system (И, А, F, D, G) will be presented in Table 5. 


 Table5: Тһе discernibility matrix of the standard neutrosophic information system 
U/Rg X, х X, n Х, 
Х : A 
X, A A 
X4 {42} {4,43} A 
X, {а , аз} А А А 
X; {а,,а;} А А {a} A 


7 Conclusion 


In this paper, we introduce the concept of standard neutrosophic information system, study the knowledge discovery 
of standard neutrosophic information system based on rough standard neutrosophic sets. We investigate some problems 
of the knowledge discovery of standard neutrosophic information system: the knowledge reduction and extension of the 
standard neutrosophic information systems . 
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